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SUMMARY 


1.  /  The  final  year  of  the  contract  has  been  quite 
productive  and  significant  advances  have  been  made  in  a 
number  of  areas. 

2.  Groups  of  compounds  were  synthesized  as  potential 
suicide  inhibitors  of  viral  polymerases.  Test  results  from 
compounds  submitted  to  the  U.S.  Army  antiviral  screening 
program  have  been  received  and  are  summarized  below.  Full 
details  of  active  compounds  are  given  in  the  Appendix  to  this 
report.  Of  the  40  compounds  tested  to  date,  significant 
antiviral  activity  against  one  or  more  of  the  1 1  test  viruses 
have  been  observed  for  a  surprisingly  high  proiwrtioa.  16 
compounds  in  all  have  shown  some  antiviral  activity.  Several 
of  these  have  low  cytotoxicity  and  small  animal  test  are 
planned  in  collaboration  with  the  Army  antiviral  screening 
program  if  the  current  (residual)  funding  proves  sufficient. 

3.  Cellular  components  have  been  identified  that  produce 
up  to  a  1,000-fold  increase  in  the  sensitivity  of  HIV-reverse 
transcriptase  to  the  pyrophosphate  analog  phosphonoformate 
(Foscarnet). 

4.  The  following  table  summarizes  the  compounds  found 
to  have  antiviral  activity  and  the  target  virus  against  which 
they  were  effective. 


Ylm  Compounds  showina  significant  antiviral  activity 

(A.Y.S..y:3} 


HIV 

6460 

6457 

6455 

6466 

Vaccinia 

6462 

6467 

Punta  Toro  6442 

6443 

6444 

6445 

6449 

Yellow  Fever 

6456 

6458 

6444 

6445 

Further  details  for  each  compound  are  given  in  the  Appendix 

Section. 
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The  principle  that  inhibitors  of  reverse  transcriptase  will  inhibit  replication  of  retroviruses 
is  well  established.  For  example,  3’-a2ido-3*  deoxythymidine,  the  triphosphate  of  which  inhibits  the 
RT  activity  of  HIV,  is  a  potent  inhibitor  of  virus  replication  in  cultured  H-9  cells  in  the  range  of 
1-10  micromolar  and  is  being  used  successfully  in  patients  with  AIDS.  Prolonged  administration 
may  cause  serious  side  effects.  Another  agent  which  has  shown  promise  is  phosphonoformate  (PFA, 
Foscarnet)  which  inhibits  the  RT  activity  of  HIV  with  an  Ij^of  only  0.1  micromolar.  However,  much 
higher  concentrations  of  up  to  340  micromolar  are  required  for  complete  inhibition  of  HIV 
replication  in  H-9  cells.  Other  drugs  including  the  dideoxycytidines  which  are  also  based  upon 
inhibition  of  RT  by  chain  termination  of  the  viral  template  are  in  clinical  trial.  Since  none  of  these 
drugs  permanently  inactivate  the  reverse  transcriptase  and  since  they  do  not  accumulate 
intracellularly  in  significant  amounts,  virus  replication  will  resume  when  blood  levels  of  the  drugs 
decrease. 

This  project  represents  a  collaborative  effort  between  groups  of  investigators  with  expertise 
in  virology,  cell  biology,  enzymology,  drug  design  and  organic  synthesis,  to  develop  new  types  of 
antiviral  drugs.  Novel  anti-HIV  drugs  are  being  developed  based  upon  the  principles  of  (i) 
compounds  designed  to  accumulate  intracellularly  at  the  sites  of  viral  replication  (ii)  slow  release 
lipid  soluble  prodrugs  having  a  long  biological  half  life  and  capability  to  accumulate  in  brain  tissues 
(iii)  synergistic  combination  drugs  designed  to  reduce  side  effects  and  development  of  drug  resistance 
during  long-term  therapy. 


The  first  class  of  compounds  are  lipid  soluble  sterol  derivatives  of  the  pyrophosphate  analog 
PHOSPHCNOFORMIC  ACID  (PFA).  This  compound  is  an  excellent  in  vivo  inhibitor  of  reverse 
transcriptase  with  I*’s  as  low  as  0.1  uM  for  the  HIV-RT  when  rranscribing  from  the  viral  template. 
The  drug  is  also  relatively  non-toxic  and  acute  dosage  blood  levels  of  up  to  300  /iM  have  been 
reported  without  serious  side  effects.  The  antiviral  potency  of  the  compound  however  is  low  with 
concentrations  up  to  330  t»M  being  required  for  complete  inhibition  of  HIV  replication  in  tissue 
culture.  Simple  esterification  derivatives  do  not  improve  the  antiviral  potency. 

The  sterol  phosphonoformates  which  we  have  developed  thus  represent  a  significant  advance 
in  the  pharmacology  of  antiviral  drug  delivery  to  cells.  They  are  replication-site  directed  inhibitors 
designed  to  enter  and  accumulate  in  cells  via  the  endocytotic  pathway  normally  used  for  cholesterol 
esters.  Subsequent  hydrolysis  by  lysosomal  sterol  esterases  results  in  slow  release  of  PFA  at  the 
intracellular  sites  where  the  first  critical  steps  in  HIV  replication  take  place.  Some  of  the  cholesterol 
phosphonoformate  derivatives  we  have  synthesized  display  a  20-30  fold  increase  in  potency  against 
virus  replication  in  tissue  culture,  co.mpured  to  the  parent  compound  PFA. 

One  of  the  major  goals  of  this  project  is  the  further  development  of  this  class  of  compounds 
into  effective  therapeutic  agents.  These  studies  will  include  synthesis  and  evaluation  of  ligands  which 
enhance  cellular  accumulation,  those  which  regulate  hydrolysis,  and  those  which  enhance  anti-viral 
activity  against  HIV  replication  in  a  standardized  tissue  culture  assay  system.  A  novel  and  potentially 
useful  therapeutic  property  which  has  been  observed  is  the  ability  of  these  sterol  analogs  to 
accumulate  intracellularly  and  protect  cells  against  virus  for  up  to  8  days  following  drug  removal. 
The  pharmacokinetic  studies  we  are  proposing  on  blood-brain  and  tissue  distribution  and  half  life 
of  these  compounds  in  vivo  are  designed  to  investigate  their  suitability  as  potential  agents  for  long¬ 
term  antiviral  therapy. 

L  Sterol  Carboxviate  Diesters  of  AZT.  DDC  and  nucleoside  soiroxiranes  (NSO): 

An  extension  of  this  strategy  which  has  proved  successful  with  PFA  is  being  applied  to 
improve  the  pharmacokinetic  properties  of  AZT,  dideoxycytidine  (DDC)  and  nucleoside  spiroxiranes. 
The  nuciroside  spiroxiranes  are  a  new  class  of  mechanism  based  (suicide)  inhibitors  of  the  reverse 
transcriptase.  These  nucleoside  analogs  are  effective  inhibitors  of  reverse  transcriptase  and  viral 
replication  but  have  very  short  blood  half  lives  and  do  not  accumulate  intracellularly.  Virus 
replication  probably  recovers  soon  after  blood  levels  of  the  drugs  fall.  Here  the  problem  is  not  to 
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increase  the  cellular  permeability  of  the  compounds  which  is  adequate,  but  to  enhance  the 
intracellular  accumulation  in  a  slow-release  form. 

The  effect  on  their  pharmacokinetic  properties  of  modifying  these  compounds  by  conversion 
to  the  5’  sterol  dicarboxylates  will  therefore  be  investigated.  These  compounds  are  designed  to 
incorporate  into  the  lipoprotein  and  chylomicron  particles  in  the  same  manner  as  the  long-chain 
cholesterol  esters  and  phospholipids.  Cholesteryl  sebacylchloride  has  been  used  previously  to  make 
synthetic  lipoproteins.  Sterol  and  ester  hydrolases  are  present  in  the  lysosomes  which  will  regenerate 
the  active  compounds.  In  pilot  studies  ^H-AZT  cholesteryl  sebacylate  has  been  synthesized  and 
uptake  by  cultured  lymphocytes  confirmed  (see  preliminary  data  section).  Appropriate  changes  in 
the  sterol  and  linker  moieties  will  be  made  and  the  effects  on  cell  accumulation,  intracellular  release 
and  prolongation  of  antiviral  protection  will  be  evaluated.  In  addition,  the  unlabelled  AZT- 
cholesteryl  sebacate,  succinate  and  carbonate  esters  have  been  synthesized  and  inhibited  viral 
replication  in  tissue  culture. 

1.  Development  of  Synergistic  Combinaticn  Drugs: 

The  basic  hypothesis  underlying  this  approach  is  that  drug  dosages  and  side  effects  can  be 
reduced  and  antiviral  potency  increased  by  suitable  combinations  of  drugs  directed  at  different  facets 
of  the  viral  replicative  process.  In  addition,  combination  drugs  lessen  the  opportunity  for  drug 
resistant  variants  of  the  virus  to  appear  because  of  the  low  probability  of  simultaneous  mutations 
against  two  mechanistically  different  inhibitors.  This  approach  therefore  has  required  basic 
information  on  the  effects  of  different  drugs  on  the  various  steps  involved  in  intracellular  replication 
of  the  HIV  virus,  using  the  purified  HIV-RT  to  obtain  detailed  information  on  the  kinetic 
interactions  of  the  HIV  reverse  transcriptase  with  potential  inhibitors.  As  an  example  of  the 
application  of  this  type  of  information,  the  nucleotide  and  template  specificity  of  the  RT  has  been 
studied  with  respect  to  inhibition  by  PFA.  PFA  inhibits  only  the  step  in  viral  replication  in  which 
TTP  is  being  incorporated  into  the  viral  template.  Incorporation  of  dCTP  is  relatively  insensitive  to 
PFA.  Furthermore  PFA  inhibition  is  not  competitive  with  respect  to  TTP  for  the  HIV-RT, 
indicating  that  mutations  that  confer  AZT  resistance  are  unlikely  to  result  in  co-resistance  to  PFA. 

Part  of  the  antiviral  potency  of  AZT  in  addition  to  inhibiting  RT  has  been  attributed  to  its 
ability  to  inhibit  thymidine  kinase,  thus  lowering  intracellular  TTP  levels.  These  results  taken 
together  suggest  that  additive  or  synergistic  effects  should  be  observed  in  joint  therapy  of  the  sterol 
phosphonoformates  with  AZT,  DDC  or  NSO.  Since  the  side  effects  of  these  drugs  are  directed  in 
part  at  different  facets  of  cell  metabolism  whereas  the  antiviral  effects  are  focussed  on  the  viral 
reverse  transcriptase,  a  combination  of  drugs  at  levels  insufficient  to  impair  cell  metabolism  may 
nevertheless  give  complete  inhibition  of  virus  replication.  The  successful  development  of  the  sterol 
dicarboxylates  of  AZT  renders  this  approach  particularly  attractive,  since  all  three  types  of  inhibitor 
are  now  potentially  available  in  slow-release  and  long  acting  forms. 
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In  order  to  determine  if  the  recombinant  HIV-reverse  transcriptase  was  expressed  in  different 
forms  depending  upon  the  cell  type,  the  vaccinia  VCF-2!  construct  was  grown  in  a  number  of 
different  cell  lines  of  both  human,  monkey  and  rodent  origin.  The  expressed  reverse  transcriptase 
was  tested  for  inhibition  by  Foscarnet  at  two  different  levels  (I  and  10  nanomolar)  and  compared  to 
the  E.  Coli  recombinant  HIV-RT  (Kindly  donated  by  Dr.  Steven  Hughes  Fort  Detrick  M.D.)  and 
the  wild  type  HIV-RT.  Both  the  wild  type  and  E.  Coli  HlV-RTs  were  resistant  to  PFA  showing 
essentially  no  inhibition  at  the  lOnM  level.  Previous  studies  have  shown  that  both  enzymes  have  la’s 
for  PFA  in  the  200-400  nM  range.  The  recombinant  HIV-RT  expressed  in  eukaryotic  cells  however 
showed  a  range  of  phenotypes  as  indicated  in  figures  3  and  4  below.  Both  U-937  and  Vero  cells 
expressed  enzyme  sensitive  to  1  nanomolar  PFA,  whereas  human  embryo  lung  and  A-498  cells 
expressed  RT-enzyme  having  wild-type  sensitivity.  Hela,  HuTK-  and  CV-1  cells  as  observed 
previously  expressed  enzyme  having  intermediate  PFA  sensitivity  (Figure  1 ). 


Pf  A-a€NSmVTTV  OF  BECOMBINANT  VCP-21  HIV  REVERSE 
TRANSCRIPTASE  EXPRESSED  IN  OlFPERENT  CEU  UNES: 


U-MT  V«r«  HUTir  CV't  MC  I  MtL  t.  Ca* 

IMR 

*-4M 


The  VCF-2 1  vaccinia  construct  was  grown  in  the  indicated  cell  lines  and  the  activity 
of  the  expressed  reverse  transcriptase  was  measured  in  the  presence  (dark  blocks)  or 
absence  (open  blocks)  of  10  nanomolar  PFA. 


RECOMBINANT  HIV  RT  (E.  COLI)  +  FOSCARNET 


RT 

PFA  .001  UM 
PFA  .01  UM 


Figure  2.  Activity  of  a  recombinant  (E.  Coli  produced)  HIV-RT  was  assayed  using  H-d  i  I  P  and 
poly  rAdTigtemplate  both  without  inhibitor  PFA  and  in  the  presence  of  O.OOi  uM  and  0.01  PFA. 
Note  the  relative  insensitivity  of  the  enzyme  to  these  low  concentrations.  The  Isoof  the  E.  Coli 
recombinant  HIV-RT  for  PFA  was  shown  to  be  0.4  #iM  which  is  similar  to  that  of  the  wild  type  HIV- 
RT. 


SENSITIVITY  TO  FOSCARNET  INHIBITION  OF  HIV 
REVERSE  TRANSCRIPTASE  (PURIFIED)  IN  THE 
PRESENCE  OF  CELL  LYSATES 
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Figure  3.  The  E.  Coli  recombinant  HIV-RT  was  incubated  with  PFA  under  the  same  conditions  as 
Figure  1 R,  with  the  addition  of  lysates  from  A. 301  cells  (upper  panel)  or  U937  cells  (bottom  panel). 
Note  that  the  Ivsates  markedly  increase  the  sensitivity  of  the  reverse  transcriptase  to  inhibition  by 
PFA. 
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Euvrc  4-  Coli  recombinant  HIV-RT  was  incubated  with  PFA  and  cell  lysates  under  the 

same  conditions  as  in  Figure  2R  with  the  exception  that  the  lysates  were  preincubated  with  pronase 
for  30  minutes  and  heat  inactivated.  Note  that  neither  treatment  destroyed  the  PFA  sensitizing 
activity  of  the  cell  extracts. 


SENSITIVITY  TO  FOSCARNET  INHIBITION  OF  HIV 
REVERSE  TRANSCRIPTASE  (PURIFIED)  IN  THE 
PRESENCE  OF  CELL  LYSATES 
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Figure  5.  The  £.  Coli  recombinant  HIV-RT  was  incubated  with  PFA  and  cell  lysates  under  the 
same  conditions  as  Figure  2R  with  the  exception  that  the  lysates  were 

ribonuclease  for  30  minutes.  Note  that  the  RNAse  treatment  completely  destroyed  the  PFA 

iensitizing  activity  of  the  extracts.  .  dt  „  rmm 

Since  the  molecular  weight  of  the  sensitized,  purified  recombinant  RT  prepared  trom 
sensitizing  cell  lines  was  net  substantially  different  from  that  of  wild  type  enzyme,  these  observations 
suggest  that  the  sensitizing  activity  may  be  associated  with  a  copurifying  RNAse  sensitive  material 
of  relatively  low  molecular  weight. 


Test  results  from  26  of  the  compounds  submitted  to  the  U.S.  Army  antiviral  testing  facility 
have  been  received.  A  number  of  compounds  were  identified  that  have  activity  against  one  or  more 
of  the  1 1  viruses  in  the  test  battery.  Of  these  4  were  active  against  HIV  (Appendix  HI),  and  9  'vere 
active  against  Vaccinia,  Punta  Toro  and  Yellow  Fever  viruses  (Appendix  IV). 

Several  of  these  compounds  have  very  favorable  therapeutic  indices  and  have  been  selected 
for  further  testing  and  development  to  the  limit  of  currently  available  funding. 
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Appendix  II 

COMPOUNDS  SYNTHESIZED: 


2*,0^-Anhydrouridine 

2\0^-Anhydrocytidine  hydrochloride 

3’,5’-Di-0-ben2oyl-2’-0^-anhydrouridine 

5’-0-i-ButyidimethylsiIyl-3*-0-benzoyl-2’,0’-anhydrouridine 

2’,3’-Anhydro-5’-0-trilyluridine 

3’-Deoxy-2’-thymidincne 

N'-Ben2yl-2‘,5’-di-0-trityluridine 

S’-O-t-Butyldimethylsilylanhydrouridine 

N^'Benzoyleytidine 

2’,3’-Di-0  -mesyl-S'-O-trityluridine 

5’-0  *t-Butyldimethylsilyl-2’,3’-isopropytideneuridine 

2’,3'-Isopropylideneuridine 

2’,3’-0-SuIfinylurid'  ? 

2’.3’-Benzyiideneuridine 

N‘-Benzoyl-2’.3'-0-Sulfinylcytidine 

2’.3’-0-Sulfinylcytidine 

3’,5’-Di-0-trityl-2’dcoxy-2’-oxouridine 

3'.5'-Di-0-l-butyldimethylsilyi-2’-deoxy-2’-oxouridine 

2*.5'-Di-0-l-butyldimethylsllyl-3’-deoxy-3’-oxouridine 

Diethyl  (cholesteryloxycarbonyl)  phosphonate 

Disodium  (cholesteryloxycarbonyl)  phosphonate 

Di-( I -(3-carboethoxypropyl)]  cholesteryloxycarbonyl 

Di-(2.3-i$opropylideneglyceryl)  cholesteryloxycarbonyl  phosphonate 

Di-[ I -(3-methylbutyl)l  cholesteryloxycarbonyl  phosphonate 

Di-( I -(lithium  3-carboxypropyl)j  cholesteryloxycarbonyl  phosphonate 

Sodium  ethyl  (cholesteryloxycarbonyl)  phosphonate 


t 


26.  Sodium  l-(3-carboxypropyl)  l-(30  carboothoxypropyl)  [cholesteryloxycarbonyl] 
phosphonate 

27.  Adenosine  2’,3’-Riboepoxide 

28.  Thymidine  5’-(I,3,2-dioxaphosphorin-2-oxide) 

29  Thymidinene  5’-(l,3,2-dioxaphosphorin-2-oxide) 

30.  Thymidinene 

31.  2-Ethoxy-5-chloro-6-methyl-l,3,2-dioxaphosphorin-5-ene-2-oxide 

32.  2-Ethoxy-5-chIoro-  l,2-oxaphosphol-4-ene-2-oxide 

33.  2,4-dichIoro-5-methyl-l,3,2-dioxapho$phole-2-oxide 

34.  2-methoxy-4,5-dimethyl- 1 ,3,2-diuxaphole>2-oxide 

35.  Thymidine  3’,5’-oxetane 


DEPART&IENT  OP  THE  ARMT 


Dr.  J.  Martyn  Bailey 

Profeaaor  of  Biochemistry  and  Molecular  Biology 

The  George  Washington  University 

Department  of  Biochemistry 

2300  Eye  Street,  NW 

Washington,  DC  20037 

Dear  Dr.  Bailey; 

Enclosed  please  find  results  of  the  antiviral  activity  screening 
on  the  U.S,  Army's  Antiviral  Drug  Development  Program.  The  enclosed  data 
summarizes  the  in  vitro  results  of  the  screening  done  to  date. 

•Older  assay  methodologies  have  been  reviewed  in  relation  to 
current  program  status  and  predictability.  As  a  result  of 
this  review,  current  data  sheets  may  reflect  new  data  as 
well  as  the  removal  of  previously  reported  data  now  thought 
to  be  supplanted  by  new  assay  techniques. 

•Data  have  not  been  previously  reported  for  compounds 
showing  antiviral  activity  prior  to  confirmation.  I  feel 
this  procedure  has  unnecessarily  slowed  the  reporting  of 
data  to  suppliers;  hence,  we  will  now  report  data  as  it  is 

received.  Please  do  not  make  corporate  or  business 
decisions  based  on  a  preliminary,  unconfirmed 
result  without  discussing  this  data  with  the 
undersigned  or  a  designated  member  of  the  Virology 
Division . 

Our  intent  with  these  changes  is  to  decrease  the  length  of  time 
required  to  get  data  to  you  for  review.  Please  let  me  icncw  if  the  new 
approach  to  reporting  is  improved,  and  if  additional  modifications  might 
further  enhance  collaboration. 


I 


Correspondence  regarding  the  evaluation  of  your  compounds  or  the 
interpretation  of  screening  results  should  be  addressed  to  the 
undersigned  at  U.S.  Army  Medical  Research  Institute  of  Infectious 
Diseases,  Fort  Detrick,  Frederick,  Maryland  21701-5011,  (301)  663-7494, 
FAX  (301)  698-0854.  Alternatively,  you  may  contact  Dr.  Edward  L. 
Stephen,  P.O.  Box  248,  Monrovia,  Maryland  21770,  (301)  874-5533. 

Sincerely, 


John  W.  Huggins,  Ph.D. 
Department  of  Antiviral  Studies 
Virology  Division 


Enclosures 

CF:  Edward  L.  Stephen,  D.V.M. 

Antiviral  Information,  Compound 
Solicitation  and  Repository 
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